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ABSTRACT 

A wind tunnel test was conducted using 0.05-scale models to study the separation 
characteristics of the SUU-51/B from the F-4C aircraft. The separation trajectories were 
initiated from the left-wing inboard pylon station utilizing the Triple Ejection Rack and 
from the centerline pylon utilizing the Multiple Ejection Rack. The flight conditions 
simulated were Mach numbers from 0.66 to 0.90 at an altitude of 5000 ft. Parent aircraft 
dive angles of 0, 30, and 45 deg were simulated. 
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NOMENCLATURE 

BL Aircraft buttock line from plane of symmetry, in., model scale 

b Store reference dimension, ft full scale 

CA Store axial-force coefficient, axial force/q„S 

Cm Store pitching-moment coefficient, referenced to the store center of gravity 
(eg), pitching moment/q^Sb 

Cm Store pitch-damping derivative, dCm /d(qb/2V„) 

Cn Store   yawing-moment    coefficient,   referenced    to    the   store   eg,   yawing 
moment/qJSb 

C„r Store yaw-damping derivative, dCn/d(rb/2V„J 

FS Aircraft fuselage station, in., model scale 

Fz MER/TER ejector force, lb 

H Pressure altitude, ft 

Ixx Full-scale moment of inertia about the store Xß axis, slug-ft2 

Ijcs Full-scale product of inertia, Xß-Zß axis, slug-ft2 

Iyy Full-scale moment of inertia about the store Yß axis, slug-ft2 

Izz Full-scale moment of inertia about the store Zß axis, slug-ft2 

vi 
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M..- Free-stream Mach number 

m Full-scale store mass, slugs 

p.. Free-stream static pressure, psfa 

q Store angular velocity about the Yu axis, radians/sec 

q« Free-stream dynamic pressure, 0.7 pJVL2, psf 

r Store angular velocity about the ZB axis, radians/sec 

5 Store reference area, ft2, full scale 

t Real trajectory time from initiation of trajectory, sec 

V., Free-stream velocity, ft/sec 

WL Aircraft waterline from reference horizontal plane, in., model scale 

X Separation  distance  of  the   store  eg parallel  to the  flight axis system XF 

direction, ft, full scale measured from the prelaunch position 

Xcg Full-scale eg location, ft from nose of store 

XI -   Ejector piston location relative to the store eg, positive forward of store eg, ft 
full scale 

Y Separation  distance  of the  store  eg parallel to the flight axis system Yp 
direction, ft, full scale measured from the prelaunch position 

Z Separation  distance  of  the  store  eg   parallel   to  the  flight-axis  system Zp 
direction, ft, full scale measured from the prelaunch position 

ZE Ejector stroke length, ft, full scale 

a Parent-aircraft or store model angle of attack relative to the free-stream velocity 
vector, deg 

6 Angle between  the store longitudinal  axis and  its projection in the Xp-Yp 
plane, positive when store nose is raised as seen by pilot, deg 

0 Simulated parent-aircraft climb angle. Angle between the flight direction and 
the earth horizontal, deg, positive for increasing altitude 

\p Angle between the projection of the store longitudinal axis in the Xp-Yp plane 
and the XF axis, positive when the store nose is to the right as seen by the 

•   pilot, deg 

vu 



AEDC-TR-71-129 

FLIGHT-AXIS SYSTEM COORDINATES 

Directions 

Xp Parallel to the free-stream wind vector, positive direction is forward as seen by 
the pilot 

Yf Perpendicular to the Xp and Zp directions, positive direction is to the right as 
seen by the pilot 

ZF In the aircraft plane of symmetry, perpendicular to the free-stream wind vector, 
positive direction is downward 

The flight-axis system origin is coincident with the aircraft eg and remains fixed 
with respect to the parent aircraft during store separation. The Xp, Yp, and Zp 
coordinate axes do not rotate with respect to the initial flight direction and attitude. 

STORE BODY-AXIS SYSTEM COORDINATES 

Directions 

XB Parallel to  the store longitudinal axis, positive direction is upstream in the 
prelaunch position 

YB Perpendicular  to  the  store longitudinal axis, and parallel to  the flight-axis 
system Xp-Yp plane when the store is at zero roll angle, positive direction is to 
the right looking upstream when the store is at zero yaw and roll angles 

ZB Perpendicular to both the XB and YB axes, positive direction is downward as 
seen by the pilot when the store is at zero pitch and roll angles 

The store body-axis system origin is coincident with the store eg and moves 
with  the  store  during separation  from the  parent  airplane.  The  XB ,  YB , and ZB 

coordinate axes rotate with the store in pitch, yaw, and roll so that mass moments of 
inertia about the three axes are not time-varying quantities. 

vm 
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SECTION   I 
INTRODUCTION 

This investigation was conducted in the Aerodynamic Wind Tunnel (4T) of the 
Propulsion Wind Tunnel Facility to obtain captive-trajectory store-separation data for the 
SUU-51/B store when released from various F-4C inboard and centerline multiple carriage 
configurations. Separation trajectories with the folded-fin configuration were initiated from 
the launch positions with simulated ejector forces acting on the store. If a trajectory was 
of sufficient length to reach the position where the fins could be deployed, the open-fin 
configuration was used to obtain additional data, initiating from the chosen store location 
along the original trajectory. The criterion for fin deployment was a clearance of at least 
1.5 ft between the rack and the aft end of the store. 

To simulate the separation trajectories, 0.05-scale models of the F-4C and the store 
were employed. The store models were attached to the Captive Trajectory System (CTS) 
in the 4T wind tunnel. Flight conditions simulated were Mach numbers from 0.66 to 
0.90, an altitude of 5000 ft, and parent-aircraft angles of attack from 2.2 to 0.5 deg 
in level flight. At most test conditions, parent-aircraft dive angles of 30 and 45 deg were 
also simulated. 

SECTION II 
APPARATUS 

2.1    TEST FACILITY 

The Aerodynamic Wind Tunnel (4T) is a closed-loop, continuous flow, variable-density 
tunnel in which the Mach number can be varied from 0.2 to 1.3. At all Mach numbers, 
the stagnation pressure can be varied from 200 to 3400 psfa. The test section is 4 ft 
square and 12.5 ft long with perforated, variable porosity (0.5- to 10-percent open) walls. 
It is completely enclosed in a plenum chamber from which the air can be evacuated, 
allowing part of the tunnel airflow to be removed through the perforated walls of the 
test section. 

For store separation testing, two separate and independent support systems are used 
to support the models. The parent aircraft model is inverted in the test section and 
supported by an offset sting attached to the main pitch sector. The store model is supported 
by the CTS which extends down from the tunnel top wall and provides store movement 
(six degreees of freedom) independent of the parent-aircraft model. An isometric drawing 
of a typical store separation installation is shown in Fig.  1, Appendix I. 

Also shown in Fig. 1 is a block diagram of the computer control loop used during 
captive trajectory testing. The analog system and the digital computer work as an integrated 
unit and, utilizing required input information, control the store movement during a 
trajectory. Store positioning is accomplished by use of six individual d-c electric motors. 
Maximum translational travel of the CTS is ±15 in. from the tunnel centerline in the 
lateral  and  vertical  directions  and  36  in.  in  the  axial direction. Maximum angular 
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displacements are ±45 deg in pitch and yaw and +360 deg in roll. A more complete 
description of the test facility can be found in the Test Facilities Handbook.1 A schematic 
showing the test section details and the location of the models in the tunnel is shown 
in Fig. 2. 

2.2 TEST ARTICLES 

The test articles were 0.05-scale models of the F-4C parent aircraft and the SUU-51/B 
store. A sketch showing the basic dimensions of the F-4C parent model is shown in Fig, 
3. For this test, only the left wing and fuselage centerline of the F-4C were equipped 
for store separation. Details and dimensions of the pylons are shown in Fig. 4. The surfaces 
of the fuselage centerline and wing inboard pylons are inclined at a 2.5- and 1.0-deg 
nose-down angle, respectively, with respect to the aircraft waterline. 

The Triple Ejection Rack (TER) and Multiple Ejection Rack (MER) were mounted 
on the inboard and centerline pylons, respectively, and matched to the 30-in. suspension 
lugs of the pylons. Details and dimensions of the TER and MER are shown in Figs. 5 
and 6, respectively. 

Details and dimensions of the SUU-51/B store model are shown in Figs. 7, 8, and 
9. A dimensional sketch of the 370-gal dummy fuel tank is shown in Fig. 10. A schematic 
of the TER and MER store stations and orientation is given in Fig. 11, and the weapons 
loading configurations for which trajectory data were obtained are shown in Fig. 12. 

2.3 INSTRUMENTATION 

A five-component, internal strain-gage balance was used to obtain the force and 
moment data on the SUU-51/B model. Translational and angular positions of the store 
model were obtained from the CTS analog outputs. An angular position indicator on the 
main pitch sector was used to determine the parent-model angle of attack. The MER 
and TER were instrumented with a touch wire at each station which aided in the positioning 
of the sting-mounted store model at the launch position on the rack. The system was 
also electrically connected to automatically stop the CTS movement if the store model 
or sting contacted the rack or the aircraft-model surface. 

SECTION III 
TEST DESCRIPTION 

3.1    TEST CONDITIONS 

Separation trajectory data were obtained at Mach numbers from 0.66 to 0.90. Tunnel 
dynamic pressure was 500 psf at all Mach numbers, and tunnel stagnation temperature 
was maintained near 100°F. 

JTest Facilities Handbook (Eighth Edition), "ftopulsion Wind Tunnel Facility, Vol. 5." Arnold Engineering 
Development Center, December 1969 (AD864636). 
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Tunnel conditions were held constant at the desired Mach number and stagnation 
pressure while data for each trajectory were obtained. The trajectories were terminated 
when the store or sting contacted the parent-aircraft model or when a CTS limit was 
reached. 

3.2 TRAJECTORY DATA ACQUISITION 

To obtain a trajectory, test conditions were established in the tunnel and the parent 
model was positioned at the desired angle of attack. The store model was then oriented 
to a position corresponding to the store carriage location. After the store was set at the 
desired initial position, operational control of the CTS was switched to the digital computer 
which controlled the store movement during the trajectory through commands to the CTS 
analog system (see block diagram, Fig. 1). Data from the wind tunnel, consisting of 
measured model forces and moments, wind tunnel operating conditions, and CTS rig 
positions, were input to the digital computer for use in the full-scale trajectory calculations. 

The digital computer was programmed to solve the six-degree-of-freedom equations 
to calculate the angular and linear displacements of the store relative to the parent aircraft 
pylon. In general, the program involves using the last two successive measured values of 
each static aerodynamic coefficient to predict the magnitude of the coefficients over the 
next time interval of the trajectory. These predicted values are used to calculate the new 
position and attitude of the store at the end of the time interval. The CTS is then 
commanded to move the store model to this new position and the aerodynamic loads 
are measured. If these new measurements agree with the predicted values, the process 
is continued over another time interval of the same magnitude. If the measured and 
predicted values do not agree within the desired precision, the calculation is redone over 
a time interval one-half the previous value. This process is repeated until a complete 
trajectory has been obtained. 

In applying the wind tunnel data to the calculations of the full-scale store trajectories, 
the measured forces and moments are reduced to coefficient form and then applied with 
proper full-scale store dimensions and flight dynamic pressure. Dynamic pressure was 
calculated using a flight velocity equal to the free-stream velocity component plus the 
components of store velocity relative to the aircraft, and a density corresponding to the 
simulated altitude. 

The initial portion of each launch trajectory incorporated simulated ejector forces 
in addition to-the measured aerodynamic forces acting on the store. The ejector force 
function for the SUU-51/B store is presented in Fig. 13. The ejector force was considered 
to act perpendicular to the rack mounting surface. The locations of the applied ejector 
forces and other full-scale store parameters used in the trajectory calculations are listed 
in Table I, Appendix II. 

3.3 CORRECTIONS 

Balance, sting, and support deflections caused by the aerodynamic loads on the store 
models were accounted for in the data reduction program to calculate the true store-model 
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angles. Corrections were also made for model weight tares to calculate the net aerodynamic 
forces on the store model. 

3.4    PRECISION OF DATA 

The trajectory data are subject to error from several sources including tunnel 
conditions, balance measurements, extrapolation tolerances allowed in the predicted 
coefficients, computer inputs, and CTS positioning control. Maximum error in the CTS 
position control was ±0.05 in. for the translational settings and ±0.15 deg for angular 
displacement settings in pitch and yaw. Extrapolation tolerances were ±0.10 for each of 
the aerodynamic coefficients. The maximum uncertainties in the full-scale position data 
caused by the balance precision limitations are given in Table II. 

The estimated uncertainty in setting Mach number was no greater than ±0.003, and 
the uncertainty in parent-model angle of attack was estimated to be ±0.1 deg. 

SECTION IV 
RESULTS AND DISCUSSION 

4.1 GENERAL 

AH trajectories obtained were for use in the determination of safe-separation envelopes 
of the SUU-51/B from the F-4C aircraft. No attempt will be made in this report to establish 
these envelopes or to qualify the store as safe or unsafe for aircraft separation. The 
trajectory data are presented as obtained from the wind tunnel along with comments 
regarding the aerodynamics of the store in the aircraft flow field. 

Data taken during this test consisted of ejector-separated trajectories simulating release 
from multiple carriage positions on the left and right wing inboard and centerline positions 
of the F-4C aircraft. Trajectories from the right wing were simulated by launching from 
the left wing with a reversed (1, 3, and 2) TER ejection sequence. Data showing the 
linear and angular displacements of the store relative to the mate position on the racks 
or pylons are presented as functions of full-scale trajectory time in Figs. 14 through 22. 
Positive X, Y, and Z displacements (as seen by the pilot) are forward, to the right (inboard), 
and down, respectively. Positive changes in pitch and yaw (as seen by the pilot) are nose 
up and nose right (inboard), respectively. 

Open fin data were obtained for the SUU-51/B. The point of attachment of the 
1.5-ft-long lanyard which deployed the fins is shown in Fig. 8. A listing of trajectories 
for which open fin data were obtained and the time in the trajectory at which the fins 
were deployed is given in Table III. 

4.2 SUU-51/B TRAJECTORIES 

Nine wing loading configurations of the SUU-51/B were tested. Most of the 
trajectories obtained were terminated because of CTS rig limitations before the model 
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fins could be deployed. Data are compared on the basis of aircraft dive angle. It can 
be seen that trajectories for a particular configuration at a particular test condition varied 
very little with aircraft dive angle. Generally, it can be seen that the store Z-displacement 
was greater for the simulated level flight than for the 30- and 45-deg dive angle trajectories 
because of the greater gravity-force component in level flight. For all configurations, the 
store exhibited initial negative pitch and yaw motions. At some test conditions the store 
yaw or pitch rate was so rapid that, in combination with small Z-displacement, the model 
contacted the TER or MER surface and stopped the trajectory after a very short time. 

As seen by the data presented in Table III, only trajectories obtained at the lowest 
Mach numbers reached fin deployment distance. The data for these trajectories show that 
fin deployment resulted in both pitch and yaw recovery in the motion of the store. 
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TABLE I 
FULL-SCALE STORE PARAMETERS USED IN THE TRAJECTORY CALCULATIONS 

> 
m 
o o 
i 
H 
3D 

■si 

M 
(0 

Parameter 
Folded Fin 

Configuration 
Deployed Fin 
Configuration 

Mass, m,  slugs 25.590 25. 590 

Center-of-gravity location,  Xcs>  ft 4.000 4. 000 

Ejector piston location,   X^,   ft -0.0785 

Ejector stroke length,  ZE,  ft 0.2552 

Distance of the store eg above the store axial 
centerline, ft 0.0180 0.0180 

2 
Store reference area,  S,  ft 1.3963 1. 3963 

Store reference diameter, b,  ft 1. 3330 1. 3330 

Pitch moment of inertia,   Iyy, 'slugs-ft2 71. 8170 71.8170 

Yaw moment of inertia,   I    ,   slugs-ft** 71.5360 71.5360 

Product of inertia,  Ixz,   slugs-ft 0 0 

Pitch damping derivative,  Cm , per radian -9.0 -60.0 

Yaw damping derivative,   Cn  , per radian -9.0 -60.0 



TABLE II 
MAXIMUM FULL-SCALE POSITION UNCERTAINTIES RESULTING 

FROM BALANCE PRECISION LIMITATIONS 

1^1 

M« t,   sec AX,  ft AY,  ft AZ,  ft A0,   cleg A//,  deg 

0.66 0. 3 0.02 0. 02 0. 01 0. 2 0. 3 

0.66 0.5 0.05 0. 05 0. 03 0.5 0.8 

0.90 0. 3 0.04 0.04 0.02 0.4 0.6 

0.90 0. 5 0. 10 0. 10 0. 05 1.0 1.6 

> 
m 
O 
o 



TABLE III 
FIN DEPLOYMENT 

> m 
a 
n 
i 
H 
3D 

•^1 

(O 

Configuration a 
P 

0 
Presented in 

Figure No. 
Time at Which Fins 
Were Deployed, sec 

1 0.66 2.2 0 14a 0.3100 

2 0.66 2.2 0 15a 0.2750 
2 0.66 2.2 -30 15a 0.2800 
2 0.66 2. 2 -45 15a 0. 2800 

4 0.66 2.2 o 17 0.2650 
4 0.66 2. 2 -30 17 0.2250 

5 0.66 2.2 0 18a 0. 2475 
5 0.66 2.2 -30 18a 0.2675 
5   . 0.66 2.2 -45 18a 0.2675 
5 0.74 1.4 0 18b 0.2650 
5 0.74 1.4 -45 18b 0. 3050 

7 0.66 2.2 0 20a 0.2975 

9 0.66 2.2 0 22a 0.2775 
9 0.66 2.2 -45 22a 0.3100 
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